INTRODUCTION
Members of the rbcS multigene family encoding the small subunit of ribulose-l,5-bisphosphate carboxylase have been characterized from many plant species (for review see Dean et al., 1989) . These genes are positively regulated by light; the abundance of transcripts increases severalfold upon illumination. This increase in transcript levels is mediated by both phytochrome and a blue-light photoreceptor (Tobin and Silverthorne, 1985; Kuhlemeier et al., 1987b; Nagy et al., 1988) and has been shown by nuclear run-on experiments to be controlled at the leve1 of transcription (Gallagher and Ellis, 1982; Silverthorne and Tobin, 1984) .
Sequence elements located upstream of pea rbcS genes have been shown by gene fusion experiments to be capable of conferring light-regulated expression upon reporter genes in transgenic tobacco plants (Fluhr et al., 1986a; Simpson et al., 1986; Kuhlemeier et al., 1988a Kuhlemeier et al., , 1989 Davis et al., 1990) . Analysis of these upstream sequences has led to the definition of light-responsive elements (LREs) that are required for light-inducible increases in transcript levels (Fluhr et al., 1986a; Kuhlemeier et al., 1987a Kuhlemeier et al., , 1988a Kuhlemeier et al., , 1989 Davis et al., 1990) . Sequences within these upstream elements have been identified as binding sites for the nuclear proteins GT-1 (Green et al., To whom correspondence should be addressed. 1987, 1988) , the G-box factor (Giuliano et al., 1988) , AT-1 (Datta and Cashmore, 1989) , and 3AF1 (E. Lam, Y. KanoMurakami, P.M. Gilmartin, B. Niner, and N.-H. Chua, unpublished data). Presumably, the interaction of these proteins with defined sequence elements and with each other is responsible for modulating transcription.
We have focused on the rbcS-3A gene from pea as a model system to identify the components required for lightresponsive transcription. A 5' deletion of rbcS-3A to -166 relative to the transcriptional start site contains sufficient sequence information for the light-responsive and organspecific expression of this gene (Kuhlemeier et al., 1987a) . We have identified an LRE, located between -166 and -50, capable of conferring light-regulated expression upon both the cognate rbcS-3A TATA box and upon the heterologous cauliflower mosaic virus (CaMV) 35s TATA box in transgenic tobacco (Kuhlemeier et al., 1989) . This LRE has been further defined by the fusion of a 58-bp element located between -169 and -1 12 to the rbcS-3A TATA region and the demonstration of its ability to potentiate transcriptional activity in vivo (Davis et al., 1990) .
Within this LRE we have previously identified two binding sites for the nuclear factor GT-1 (Green et al., 1987 (Green et al., , 1988 . Both of the binding sites, termed boxes II (-151 to -138) and 111 (-125 to -114) , are required for transcriptional activity as defined by the in vivo analysis of promoter elements mutated in one or the other of these elements (Kuhlemeier et al., 1988a) . Indeed, a mutation of only 2 bp (G-'" and G-'") within box II that abolishes GT-1 binding in vitro is sufficient to reduce the activity of this promoter by more than 90% in vivo (Kuhlemeier et al., 1988a) . Furthermore, the affinity of box 111 for GT-1 within this mutant promoter is diminished, indicating cooperativity between the two binding sites (Green et al., 1988) . Several other light-responsive genes from various plant species also contain box II-and box Ill-like elements within their upstream sequences. Figure 1 shows the sequences of several of these elements. Comparison of these sequences reveals variation in the spacing between the box II-and box Ill-like elements that show no correlation to the 10.5-bp periodicity of the double helix of B-DNA.
Studies in prokaryotes, yeast, and animals have demonstrated the requirement for stereospecific alignment of factor binding sites within several promoter elements (Hochschild and Ptashne, 1986; Takahashi et al., 1986; Cohen and Meselson, 1988; Wu and Berk, 1988 ). In contrast, no such correlation between spacing and activity was observed for elements within the nopaline synthase promoter (Ebert et al., 1987; Mitra and An, 1989) . These observations prompted us to investigate the spatial requirements between the two GT-1 binding sites within the -166 rbcS-3A promoter.
In this paper we present data that define the spacing constraints between the two GT-1 binding sites located downstream of -1 66 within therbcS-3A promoter in terms of their ability coordinately to activate transcription in vivo and of their ability to bind GT-1 in vitro. These data are discussed in relation to the spacing of similar sequences from other light-responsive promoters.
RESULTS

Box II-and Box Ill-Like Sequences Are Present in the Upstream Sequences of Several Light-Responsive
Genes
Previous studies have demonstrated a functional requirement for both GT-1 binding sites located within the -166 rbcS-3A promoter element as well as cooperativity of GT-1 binding in vitro (Green et al., 1988; Kuhlemeier et al., 1988a) . The core sequence of the GT-1 binding site termed box II has been defined previously in vitro as GGTTAA (Green et al., 1988) ; however, it has also been shown that other similar sequence motifs not possessing this core sequence are capable of binding GT-1 (Green et al., 1987 (Green et al., , 1988 . We noted that genes containing pairs of putative GT-1 binding sites, as assessed by sequence comparison with those from rbcS-3A, possess a box Il-like sequence located adjacent to either a box 111-like, or a second inverted box Il-like element. Box Il-like sequences are defined in this analysis a.s containing 2 G residues adjacent to each other within the element and box Ill-like sequences as possessing a GTG triplet within the element. The residues G-14' and G-'46 within rbcS-3A box II and G-'I3 on the opposite strand in box 111 were previously identified as GT-1 contact points by methylation interference studies (Green et al., 1987) . In the comparison of the box II-and box Ill-like sequences within the promoters of several rbcS genes (Figure l ) , only those promoter elements containing paired box II-and box Ill-like elements are presented. Several rbcS genes do not contain obvious pairs of such elements, namely those from tomato (Sugita et al., 1987) and Arabidopsis (Krebbers et al., 1988) , and are not included. The asterisks r) beneath the PSrbcS3A sequences denote critical G residues identified by methylation interference studies (Green et al., 1987) . The asterisks (*) beneath other sequences show the presumed corresponding G residues in these elements. The distances in base pairs separating these G residues are indicated.
GENE
Coordinates indicate the location of these regions within their native promoters relative to the transcription start site with the exception of N. tabacum rbcS23 where the numbers followed by the # sign indicate the position relative to the translation start site.
The promoters of rbcS from petunia (Dean et al., 1985) and two species of tobacco (Mazur and Chui, 1985; Poulsen and Chua, 1986) , Cab-E from Nicotiana plumbaginifolia (Castresana et al., 1988) , and potato ST-LS7 (Eckes et al., 1986) contain paired box Il-like elements. The promoters of rbcS from pea (Coruzzi et al., 1984; Timko et al., 1985; Fluhr et al., 1986b) and soybean (Grandbastien et al., 1986) contain paired box II-and box Ill-like elements. Within the promoter elements containing paired GT-1 binding site homologies, these elements are oriented in a tail-to-tail configuration. The exceptions are boxes II* and 111* and boxes II** and 111** located upstream of -1 66 in pea rbcS-3A, which are oriented in a head-to-head configuration (Green et al., 1987 (Green et al., , 1988 , and those present within the rice phytochrome promoter, which are oriented tandemly (Kay et al., 1989) . Taking as reference points the G residues identified as GT-1 contact points within boxes II and 111 of rbcS-3A (G-''' and G-li3) (Green et al., 1987) , we calculated the variation in spacing between the box II-and box Ill-like sequences from other genes. The results are shown in Figure 1 . The observed range in spacing is from 22 bp in the N. plumbaginifolia Cab-E promoter (Castresana et al., 1988) to 36 bp in Petunia hybrida rbcS-911. These observations on the differences in spacing between box II-and box Ill-like elements were used as a basis for constructing deletion and expansion mutants between the GT-1 binding sites within the minimal rbcS-3A promoter element. The use of the -166 rbcS-3A promoter as an assay system for the spacing requirements between GT-1 binding sites within the LRE enabled us to detect changes in promoter activity in the absence of redundant upstream elements (Kuhlemeier et al., 1988a; Davis et al., 1990) .
Changes in Spacing between GT-1 Binding Sites in the rbcS-3A Promoter Alter Expression Levels in Transgenic Tobacco
We have constructed a series of mutant promoter elements by either the deletion or insertion of nucleotides between the characterized GT-1 binding sites, boxes II and 111, within therbcS-3A promoter. These mutations were introduced into -1 66 deleted rbcS-3A containing the rbcS-€9 polyadenylation signal (Kuhlemeier et al., 1988b) with the aid of a box 111 cassette replacement vector described previously (Gilmartin and Chua, 1989 ). An essential control for the deletion of nucleotides is their replacement with unrelated sequence to determine whether any observed effects are due to spacing constraints or deletion of essentia1 nucleotides. Such a control construct was created by the replacement of the 10 bp between and including nucleotides -1 36 and -1 27 relative to the transcription start site. Deletion mutations were created by the removal of nucleotides from between boxes II and 111 with the 5' end of the deletion starting at nucleotide -136. lnsertion mutants were created by the insertion of sequences between bases -136 and -137. Sequences chosen to replace nucleotides and as insertions between boxes II and 111 were derived from sequences previously shown to possess no transcriptional activity when used to replace either GT-1 binding site (Kuhlemeier et al., 1988a) . Figure These numbers refer to the number of base pairs inserted, and the inserted sequences are underlined. Distances between the critical G residues are indicated by asterisks r) for each mutant element. (A) The -166 rbcS-3A test gene contains Bglll and Clal sites at the 5' and 3' ends, respectively, and an internal BstXI site at -55. The 3'-polyadenylation sequence of rbcS-3A was replaced by the corresponding region from rbcS-E9 (Kuhlemeier et al., 1988b) . The Hindlll-Clal fragment was used as a 3' S1 probe. The asterisks (****) indicate labeled nucleotides within the S1 probe.
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(B) Ten micrograms of total RNA isolated from 18 independent transgenic tobacco plants expressing the wild-type -166 rbcS-3A were analyzed by 3'-S1 nuclease protection with a probe derived from rbcS-E9 (Kuhlemeier et al., 1988b) . Ten micrograms of pooled RNA (pool) from these 18 plants are also presented for comparison.
mutant LREs created within the -166 deleted rbcS-3A promoter by base changes, insertions, and deletions. These mutant rbcS-3A constructs were inserted into the Ti plasmid derived vector pMON200 (Fraley et al., 1985) such that the 5' end of rbcS-3A was ligated adjacent to the -150 truncated 5' end of the nopaline synthase (nos) promoter (Depicker et al., 1982) . The resulting plasmids were subsequently transferred into tobacco by Agrobacfer/L/m-mediated gene transfer, and RNA was isolated from the mature leaves of several independent primary transformants for each construct. The rbcS transgene transcript levels were analyzed by S1 nuclease protection experiments with an rbcS-E9 3' probe (Fluhr et al., 1986b) . Figure 3A shows the organization of the rbcS-3A transgene along with the 3' S1 probe used in these analyses. To compensate for the variation in transgene expression levels caused by position effects within different transgenic plants, several independent transformants were analyzed. RNA samples from those plants showing expression of the transgene were pooled and signals compared between these pooled samples. Figure 3B shows the range in transcript levels obtained with the wild-type promoter element from 18 independent transgenic plants compared with the pooled sample. Figure 4A presents the S1 nuclease analysis of rbcS-3A transcripts within RNA samples pooled from plants carrying each of the expanded LREs. The number of plants obtained per construct that showed transcriptional activity of the transgene is indicated. As can be clearly seen by comparison with the transcript levels obtained from the wild-type promoter (lane 1), an insertion of only 2 bp between the GT-1 binding sites (lane 2) causes a dramatic loss of transcriptional activity from this mutant element. Further reductions in transcript levels were observed following insertions of up to 21 bp (lanes 3 to 10) . Figure 4B shows the data obtained after analysis of rbcS-3A transcripts within pooled RNA samples from plants transformed with the rbcS-3A LRE contraction mutants. Replacement of 10 bp between boxes II and III (lane 2) reduces the level of rbcS-3A transcripts compared with the level derived from the wild-type promoter (lane 1). A similar reduction in transcript levels is observed following the deletion of 3 bp from between the GT-1 binding sites (lane 3). Deletions of either 5 bp or 7 bp (lanes 4 and 5) do not appear to affect rbcS-3A transcriptional activity compared with wild-type levels and give rise to higher transcript levels than do both the 10-bp replacement and 3-bp deletion mutants. Further deletion of either 8 bp or 10 bp (lanes 6 and 7), however, slightly reduces and virtually abolishes A. Ten micrograms of pooled RNA from independent transgenic plants expressing rbcS-3A from the mutant promoter elements were analyzed by 3'-S1 nuclease protection. The spacing change and number of independent transgenic plants used in the pooled samples are indicated.
(A) Expansion mutants of +2 to +21 bp (lanes 2 to 10); wild-type -166rt>cS-3/l(lane1 deleted CaMV 35S promoter fused to the CAT coding region at the same position relative to nos resulted in minimal levels of nos activity that were insensitive to light. The insertion of our mutant rbcS-3A constructs into this same site enabled us to assay the ability of these expanded and contracted elements to confer light-responsive activity upon this divergently oriented heterologous promoter. Figure 5A shows the organization of the -166 deleted rbcS-3A and the -150 truncated nos promoters within pMON200. As can be seen in Figure 5B , the -166 deleted rbcS-3A promoter can confer light responsiveness upon the -150 truncated nos promoter (lanes 1 and 2). Furthermore, the insertion ( Figure 5B , lanes 3 to 20) and deletion ( Figure 5C , lanes 3 to 14) derivatives of the rbcS-3A promoter show the same effects on nos expression levels as observed with the cognate rbcS-3A promoter. These data demonstrate that the LRE located downstream of -166 within the rbcS-3A promoter can confer light responsiveness upon the truncated nos promoter. Moreover, changes in spacing between the GT-1 binding sites disrupt the LRE such that the expression of both rbcS-3A and nos are affected similarly.
GT-1 Binding Affinity in Vitro Is not Affected by Spacing Mutations That Alter Transcriptional Activity in Vivo
After the in vivo definition of functional spacing requirements between GT-1 binding sites within therbcS-3/* LRE, we assessed the effects of these spacing changes on the ability of GT-1 to bind to these contracted and expanded elements in vitro. Specifically, we wanted to address the question of whether a loss of transcriptional activity was accompanied by a reduced affinity for GT-1. Gel retardation studies with pea nuclear extracts were undertaken using a wild-type rbcS-3A promoter fragment as a probe. This fragment extended from the Bglll site located 5' of the -166 deletion endpoint to the BstXI site at -55 ( Figure   2A ) We examined the ability of each of the mutant LREs, previously assayed in vivo, to compete with the wild-type LRE for GT-1 binding in vitro by gel retardation studies. Fragments of the mutant promoter elements used as competitor DMAs were also isolated as Bglll-BstXI restriction fragments. Competitor titrations in the range of 0 to 100-fold molar excess were performed. Figure 6 shows the results of some of these competition studies. Neither the 10-bp mutation between boxes II and III (10/10) nor the insertion of 2 bp (+2) between the binding sites affect GT-1 binding by more than twofold compared with the wild-type (wt) element. There is also no significant decrease in the ability of the contraction mutants to compete for GT-1 binding. A notable exception is the mutant with a 10-bp deletion (-10) between boxes II and III. This mutant has reduced ability to compete for GT-1 binding V* compared with the wild-type probe. All other insertion mutations up to and including the 21-bp insertion show competition affinities for GT-1 similar to the wild-type element (data not shown). Previous studies in our laboratory have demonstrated similar core binding sites within box II for both pea and tobacco GT-1 (Green et al., 1988) . Additionally, GT-1 present in both pea and tobacco nuclear extracts produces similar protected regions over boxes II and III within the wild-type -166 rbcS-3A promoter as assayed by DNase 1 footprint analysis (data not shown). Nevertheless, it is conceivable that there might be differences in the binding properties between pea and tobacco GT-1 not detected by these assays.
UUC t 1 t 4 I • 7 I ( 10 11 12 H 14 1» 16 17 II 11
X I D L D L D L D L O L D L D L D L D L D •PACMd CHANGE •) tt *« 4t.
DISCUSSION
A major aim of this work was to investigate the functional constraints on spacing between GT-1 binding sites within the -166 deleted pea rbcS-3A promoter. To this end we constructed a series of mutant elements that differed from the wild-type only in the distance between the GT-1 binding sites of the LRE. We found that the rbcS-3A expression levels conferred by the expanded LREs demonstrated strict limits on the spacing between GT-1 binding sites within this element. An increase of only 2 bp dramatically reduced the level of light-inducible transcripts derived from the rbcS-3A promoter; further increases of up to 21 bp in spacing between box II and box III significantly reduced rbcS-3A transcript levels. These observations suggest that boxes II and III do not interact in a helical turn-dependent manner in contrast to those for the spacing requirements between other factor binding sites (Hochschild and Ptashne, 1986; Takahashi et al., 1986; Cohen and Meselson, 1988; Wu and Berk, 1988) . Moreover, our results demonstrate that the configuration of GT-1 binding sites in rbcS-3A with 33 bp between G~1 47 and G~1 13 (Green et al., 1987) is the maximal functional distance.
This conclusion raises the interesting question of the role of single box ll-like elements observed within several promoter elements, as, for example, some rbcS genes of both tomato (Sugita et al., 1987) and Arabidopsis (Krebbers et al., 1988) . There are several possible explanations for these observations: (1) these elements may appear similar to GT-1 binding sites but do not interact with this factor, (2) the elements may be located in close proximity to cryptic GT-1 binding sites that are not evident from sequence comparisons alone, (3) the role of the second GT-1 binding site could be supplanted by an unrelated element, and (4) these sites may play a minimal role in promoter activity such that the critical activity is provided by other elements. Further detailed analyses of these promoter elements will be required to answer this question. Our data correlated with observations of spacing between paired box II-and box-Ill like sequences in other lightresponsive genes. The only observed exception was the P. hybr/da rbcS-911 promoter, where the spacing between box ll-like sequences was 36 bp. However, the contribution of this gene to the rbcS transcript pool of petunia is only 1% (Dean et al., 1985 (Dean et al., , 1987 . This low level of activity may be a reflection of the distance between the box IIand box Ill-like elements in this promoter.
Our experiments focusing on the contraction of the LRE demonstrated less critical spacing requirements between the GT-1 binding sites that comprise these elements. We observed only a slight reduction in the transcriptional activity of the element when the 10 bp between boxes II and III were replaced by random sequence ( Figure 4B, lane 2) . This observation suggests that sequences between the GT-1 binding sites may play a role in high-level lightinducible transcriptional activity. We observed no further loss of transcriptional activity when, instead of replacing 10 bp between GT-1 binding sites, we deleted 3 bp ( Figure  4B, lane 3) .
No changes were seen, compared with wild-type expression levels, after the deletion of either 5 bp ( Figure   4B , lane 4) or 7 bp ( Figure 4B , lane 5) from between the GT-1 binding sites. These deletions created distances of 28 bp and 26 bp, respectively, between the G residues highlighted in Figure 26 . A distance of 28 bp was observed between similar sequences within severa1 petunia rbcS promoters (cf. Figure 1 ; Dean et al., 1985) . Previously, we demonstrated that pea rbcS-3A is expressed at a high level in transgenic petunia (Fluhr and Chua, 1986) and that GT-1 activity can be detected in petunia nuclear extracts (H. Takatsuji, personal communication). It is possible, therefore, that the petunia transcriptional machinery can interact with GT-1 binding sites separated by 33 bp.
After the deletion of 8 bp (Figure 46 , lane 6) from between the binding sites, we saw only a slight reduction in transcriptional activity. This deletion created spacing of the two sites similar to that observed between similar elements within a soybean rbcS promoter (Grandbastien et al., 1986) . The largest deletion of 1 O bp ( Figure 46 , lane 7) resulted in a distance of 23 bp between the GT-1 binding sites and caused a dramatic decrease in transcriptional activity. These data indicate that, in this context, 23 bp is not a favorable distance between the two binding sites. The N. plumbaginifolia Cab-E promoter (Castresana et al., 1988) possesses two box Il-like sequences separated by only 22 bp. Also, boxes II** and 111** within the upstream region of rbcS-3A are separated by 23 bp. The role of the paired box Il-like elements within N. plumbaginifolia Cab-E is unclear. However, it has been shown that the LRE composed of box II** and box lH** confers only minimal activity in the absence of the other rbcS-3A LREs (Davis et al., 1990) .
As observed in the LRE expansion mutants, there is no functional requirement for the two GT-1 binding sites to be on the same face of the double helix. Indeed, it would appear that there is a half-turn peak in transcriptional activity, as seen in Figure 48 , lanes 4 and 5, and Figure  5C , lanes 7 and 9. A possible explanation may be the presence of a second binding site overlapping or congruent with box 111. The observed activity of the LRE could, therefore, be derived from either the interaction of GT-1 bound to box II with a molecule of GT-1 bound to box 111 or from GT-1 bound to box II with an as yet unidentified factor binding to a site overlapping box 111. Possible candidates for this role are the GATA box-like sequences that overlap box 111. This sequence motif has been identified in many Cab gene promoters (Castresana et al., 1987; Lam and Chua, 1989) as well as the CaMV 35s promoter (Lam and Chua, 1989) . It is possible that factors bound to this element could cooperate with GT-1 bound to box II to activate transcription. We are currently testing this hypothesis.
From the analyses of the transcriptional activity derived from the -1 50 truncated nos promoter, it is clear that the rbcS-3A LRE can confer light-responsive activity upon this promoter ( Figure 5, lanes 1 and 2) . Our results showed that the level of nos activity is dependent on the spacing between the GT-1 binding sites box II and box 111 within the LRE; changes in nos activity after mutations within the element mirrored those changes observed for rbcS-3A activity. These observations strongly suggest that boxes II and 111 are critical components of the molecular light switch.
In contrast to the constraints of spacing between GT-1 binding sites on transcriptional activity, there is no significant difference in the ability of either the expanded or contracted LREs to bind GT-1 (Figure 6 ). The notable exception is that of the element contracted by 10 bp. In this case, the reduced binding to GT-1 may reflect stearic hindrance between two GT-1 molecules due to the proximity of the two binding sites. These observations suggest that productive and nonproductive GT-1 binding can occur within the LRE and are consistent with our previous demonstration that, despite the ability of four tandem copies of box II to bind GT-1, this configuration is unable to activate transcription when fused to the normally inactive -50 deleted rbcS-3A promoter (Davis et al., 1990) . However, when fused to a -90 deleted CaMV 35s promoter, four tandem copies of box II can potentiate light-dependent transcription (Lam and Chua, 1990) . This transcriptional activation presumably arises from an interaction between GT-1 bound to the tetramer of box li and the factor ASF-1 bound to the AS-1 site within the -90 35s promoter (Lam et al., 1989) . Other studies from our laboratory (Kuhlemeier et al., 1988a) have demonstrated an absolute requirement for GT-1 binding to the -1 66 rbcS-3A promoter for transcriptional activity. In combination, these observations lead us to conclude that GT-1 binding is necessary but not sufficient for light-responsive transcription.
The formation of a functional transcription complex may well require both bound GT-1 molecules to interact in a specific manner with each other or with an as yet unidentified factor. An increase in spacing between the two binding sites by as little as 2 bp does not prevent GT-1 binding to both elements but may lead to a nonproductive interaction. Alternatively, GT-1 bound to an expanded LRE may be unable to interact with a critical second factor. The purification of GT-1 or the cloning of a gene encoding it will permit further studies to be undertaken on its role in mediating light-responsive transcription.
METHODS
Plasmid Constructions
Paired oligonucleotides containing desired base insertions or deletions between the two GT-1 binding sites (see Figure 2B) were ligated into the box 111 replacement vector constructed in pTZ18u described previously (Gilmartin and Chua, 1989) and transformed into Escherichia coli strain XL1 -blue. All constructs were verified by sequence analysis. The modified rbcS-3A sequences were subcloned into the Bglll and Clal sites of a derivative of pMON200 (Kuhlemeier et al., 1988b) , placing the -166 rbcS-3A 5' end adjacent to the -1 50 position of the nopaline synthase promoter and transformed into E. coli strain DH5a.
Plant Transformation
All pMON200-derived plasmids containing rbcS-3A constructs were transferred to Agrobacterium tumefaciens strain GV3111 SE by E. coli PRK2013-mediated transfer from E. coli DH5a as described previously (Kuhlemeier et al., 1987a) . lntroduction of the recombinant rbcS-3A genes into Nicotiana tabacum var Xanthi was performed as described before (Kuhlemeier et al., 1987a) .
Analysis of Transgenic Plants
Mature leaves from light-grown and 3-day dark-adapted transgenic tobacco plants were collected and the RNA were isolated as previously described (Kuhlemeier et al., 198813) . Leaves were harvested at similar developmental stages from each plant to minimize the effects of developmental variations in expression levels (Kuhlemeier et al., 1988a) . S1 nuclease analysis of rbcS transcript levels was performed with an rbcS-E9 probe as described before (Fluhr et al., 1986b) . Analysis of nos transcript levels was performed by RNase protection experiments with the EcoRI-Clal fragment from the -1 31 deleted nopaline synthase gene (Shaw et al., 1984) as described by Gilman (1988) .
Gel Shift Analysis
The probe used for gel shift analysis was isolated as a 118-bp Bglll-BstXI restriction fragment (-1 66 to -55) from the -1 66 deleted rbcS-3A gene and end-labeled as described previously (Green et al., 1987) . Competitor fragments were isolated as BglllBstXl restriction fragments from the appropriate spacing mutant clones in pTZl Eu and purified by horizontal polyacrylamide gel electrophoresis. Nuclear extracts were prepared and gel shift analysis was performed as described by Green et al. (1987) .
